An indigenous freshwater bacterium (Sphingomonas sp. strain B18) from Lake Plu␤see (Schleswig-Holstein, Germany) was used to isolate 44 phages from 13 very different freshwater and brackish habitats in distant geographic areas. This bacterial strain was very sensitive to a broad spectrum of phages from different aquatic environments. Phages isolated from geographically distant aquatic habitats, but also those from the same sample, were diverse with respect to morphology and restriction pattern. Some phages were widely distributed, while different types coexisted in the same sample. It was concluded that phages could be a major factor in shaping the structure of bacterial communities and maintaining a high bacterial diversity.
Counts by transmission electron microscopy have shown that the total number of viruses in coastal ocean and freshwaters is about 10 7 to 10 8 ml Ϫ1 (5) (6) (7) 22) and often exceeds the concentration of bacteria by a factor of around 10. Similar results have been obtained by epifluorescence microscopic counting by using fluorochromes like Yo-Pro 1 (12) or SYBR Green I (18) .
Host-specific phage concentrations for heterotrophic bacteria vary widely in coastal waters from undetectable levels to 1,500 to 8,100 PFU ml Ϫ1 (4, 16) and were assumed to be usually as low as 1 to 10 PFU ml Ϫ1 (15, 25) . Many further investigations into the contribution of viruses to microbial food webs and their function in shaping the structure of microbial communities have been initiated since then (summarized in reference 30) .
Most of these studies were done in estuarine and marine environments. Almost no information is available about phages that infect autochthonous heterotrophic bacteria in freshwater habitats. However, here, as in estuarine and marine environments, the abundance of viruses mostly exceeded that of bacteria (12, 14, 29, 30) . Therefore, similar PFU concentrations can be expected when a suitable host bacterium is used. Here we describe bacteriophages that have been isolated from distant aquatic habitats and that are lysing the same host strain, which is a major component of the culturable bacteria of Lake Plu␤see in northern Germany.
Host strain. The bacterial host strain B18 was isolated by inoculating a water sample taken from a 1-m depth of Lake Plu␤see on 26 August 1985 on solid casein-peptone-starch medium (CPS medium) (9) and stored as frozen stock culture in liquid nitrogen. Bacteria of this type are regularly detected in Plu␤see as yellow, round, and smooth colonies with a size of 1 to 3 mm on CPS agar after 1 week of incubation at 28°C. They have been identified as strain B18 with polyclonal antibodies. Based on 16S rDNA nucleotide sequence (GenBank accession number AF410927), strain B18 is affiliated with a recently constructed genus (27, 31) that comprises many species formerly grouped as Pseudomonas or Flavobacterium within the alpha subgroup of the class proteobacteria. Sphingomonas adhaesiva (GenBank accession number D13722) is the closest known relative, with a sequence similarity of 95.5%, found with BLASTN on the NCBI homepage (http://www.ncbi.nlm.nih.gov/BLAST/). Bacteria of this genus usually have a great metabolic versatility and have the potential to colonize a variety of different habitats (20, 21, 24) .
Detection of phages. Phages were counted and isolated from water samples collected near shore in about 0.3 m depth with heat-sterilized 500-ml glass bottles from the habitats characterized in Table 1 . Either the top agar method (3) or the phage enrichment in liquid cultures of the host strain was used. PFU were counted on CPS-agar plates after 3 days of incubation at 28°C. The detection limit of this procedure was about 1 PFU ml Ϫ1 . Phage enrichment cultures were incubated for at least 3 days at 28°C and 100 rpm shaking and had a significantly lower detection limit. Phages with different plaque types were selected from each habitat and purified three times by repetitive isolation of single plaques. Phage suspensions were prepared from plates with confluent lysis and stored in SM buffer (23) at 4°C.
Lytic phages of Sphingomonas sp. strain B18 were found in all investigated aquatic habitats except the dystrophic Lake Teufelssee (Mecklenburg) ( Fig. 1 and Table 1 ). The highest concentration of PFU, about 10 5 ml Ϫ1 , was found in the water sample from the River Danube (near Vienna). In lakes, the highest concentrations were observed in Satower See (Mecklenburg) and in Bautzener Stausee (Saxony), which were the most eutrophic within the selected habitats. In samples of the mesotrophic Lake Schöhsee and the eutrophic Lake Belauer See, phages could be isolated only after an enrichment culture. Phage concentration was not determined for the Lake Kinneret sample, which was used for enrichment culture only.
While host-specific phage concentrations in the marine environment have been estimated with autochthonous host bacteria (4, (15) (16) (17) 25) , comparable data for freshwater habitats are not available. The earlier studies (15, 25) revealed phage concentrations in the range of 1 to 10 PFU ml Ϫ1 or even lower. The phage counts reported here are in the same order of magnitude as those from more recent studies where 200 to 700 PFU ml Ϫ1 (17) and 1,500 PFU ml Ϫ1 (16) were detected in the North Sea around the island Helgoland.
Frank and Moebus (11) concluded that the highest concentrations of specific phages could be found with host strains that had been isolated from the same water body shortly beforehand. Using hosts that had been isolated several years ago or from geographically distant locations resulted in lower efficiency or no phage detection at all. Our results are not in accordance with these findings. The host strain used in this study was isolated in 1985, and most of the phages were isolated about seven years later. Moreover, the water samples covered a range of different trophic states as well as fresh-and brackish water sites (see Table 1 ). Due to the longer time needed for transportation of the samples from Mecklenburg and Saxony (about 24 h at 4°C), and even more so from the River Danube and Lake Kinneret (1 day at ambient temperature), the estimated numbers show at least that phages lysing the host bacterium were distributed over quite distant geographical locations.
The sample from the dystrophic bog lake Teufelssee (Mecklenburg), with a slightly acidic pH of 6 to 7, was the only one where phages specific for this host were not detectable, even with the more sensitive enrichment cultures. Most obviously, this could be due to either the absence of appropriate host bacteria or unfavorable conditions for multiplication or survival of phages.
Diversity of the phages. A total of 44 lytic phages were isolated from 13 of the 14 investigated habitats (see Table 2 ). The phages were selected on the basis of plaque type, which included size, clarity of the center, and shape of the edges. Plaque size varied between Ͻ1 and 5 mm. A total of 32 from the 44 isolated phages produced plaques which were smaller than 1 mm in diameter. The phage Dan18/9, isolated from the River Danube, formed the largest plaques (5 mm). Some phages isolated from the same habitat had the same plaque type but differed in morphology (Gps18/13, Gps18/14, and Gps18/16) and vice versa (Gps18/13 and Gps18/18).
For electron microscopy (10), phages were adsorbed onto a carbon-coated grid, negatively stained with uranyl acetate, and FIG. 1. Locations of sampling sites (for the numbers of the habitats, see Table 1 ). examined with a BS 500 TESLA electron microscope (Brno, Czech Republic) at 60 kV and a final magnification between 110,000ϫ and 190,000ϫ. All investigated phages (Fig. 2) were tailed phages of the Myoviridae, Siphoviridae, and Podoviridae families, which represent the largest part (96%) of all phage isolates in culture (1) . Most of the phages in this study had a short tail and belonged to the Podoviridae, similar to observations from the Pacific Ocean (Yaquina Bay, Oregon) (28), the northern Atlantic Ocean and the North Sea (11), and Lake Plu␤see (10) . All phage head structures were isometric icosahedra (subtypes A1, B1, and C1) (2), but they differed in head size and tail morphology ( Table 2) . For a molecular characterization of the phages by restriction enzyme digestion, 1 to 17.5 l of phage DNA (isolated and purified in accordance with reference 23) at a final concentration of 10 to 30 ng l Ϫ1 was incubated for 3 h at 60°C in a mixture of 2 l of restriction buffer, 0.5 l of restriction enzyme (BstEII), and deionized water (final volume, 20 l). Fragments were visualized after electrophoresis in 0.8% agarose (23) . The size of phage genomes was calculated with the software BioProfile 1D, version 6.3, from the density of each band in relation to the corresponding molecular weight.
While Kellogg et al. (13) found that phages for the same host that were distributed over a wide geographic distance all had the same morphology and were genetically related, our results revealed a significant variability of the phages among the different freshwater systems. Restriction patterns from seven selected phages revealed that all except two (Pls18/29 and Sal18/ 35) were clearly distinct (Fig. 3) . The genome sizes, spanning a range from 31.4 (Pls18/29 and Sal18/35) to 59.5 kb (Gps18/14) ( Table 2) , were in the ranges set by the two main groups for marine virus-like DNA of 31 to 36 kb and 58 to 63 kb (26) and were without obvious preference for a certain size. Phages Pls18/29 and Sal18/35 had been isolated from two fairly different habitats but showed the same restriction pattern and similar genome sizes, indicating that they might be identical. Likewise, phages that differed in plaque type, morphology, restriction pattern, and genome size were isolated from the same sample. A good example to illustrate this is the phages Gps18/13 ( Fig. 2D ), Gps18/14 ( Fig. 2E ), Gps18/16 ( Fig. 2C ), Gps18/17 (Fig. 2G) , and Gps18/18. They all were isolated from the same sample of Lake Gro␤er Plöner See. It is not unusual that phages of different morphology can infect the same host strain (8, 19) . But the coexistence of different phages for the same host in the same sample should require a fine-tuned interaction of defense and counterdefense strategies of phage and host, like reproductive efficiency, host range, abundance of potential host cells, and many other factors that we do not understand well as yet.
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